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Problem Statement 
Rising levels of the Great Salt Lake are severely impacting private 
and public property. In the private sector, the mineral industry, the 
railroad, and a number of recreation enterprises are suffering major 
damages. In the public sector, the State of Utah is experiencing large 
losses inflicted on roads and highways, waterfowl and related wildlife 
areas, and park and recreation facilities. 
The lake is partitioned by a semi pervious railroad causeway into 
a north and a south arm with the south arm having about twice the water 
surface area and usually being two or three feet higher because it 
receives nearly all the surface runoff from tributary rivers. In the 
last two years, the largest rainfall years of record (exceeded only by 
the approximations made for 1866), record inflows, and record low evapora-
tion rates have brought the largest historical rise in the lake water 
surface. Over this period, the south arm lake level rose to 4200.25 
(June 1981), dropped to 4198.20 (October 1981), rose to 4200.85 (June 
1982), dropped to 4199.80 (September 1982), and then rose to 4205.00 
(July 1983)*. The south arm level dropped to about 4204.6, on August 15, 
but by January 15, 1984, the water surface reached an elevation of 
4206.15. The north arm was about 2.5 feet lower. The lake level was the 
highest since 1887 when the lake was retreating from a high of 4207.7 in 
the previous year. The measured inflow of 5.3 million acre feet (maf) 
during the water year ending Sept. 1983, was the largest of record, 
surpassing estimated and more approximate values of 4.5 maf for 1872 and 
*Lake level measurements in 1981-3 are subject to downward adjust-
ment of up to 0.25 feet because of settlement of the gage. 
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of 4.1 maf for 1909. The rise of 5.2 feet in 1983 surpassed the prev10us-
ly highest values of 3.4 feet in 1862 and 1907. In 1983, precipitation 
was 68 percent above normal, and evaporation was 86 percent of normal. 
Sequences from water years 1851 through 1983 of river inflows (Bear, 
Weber and Jordan), precipitation on the lake, evaporation from the lake, 
and annual high stages are given in Table 1.* The flows are adjusted to 
represent present land and water use conditions, lake levels are histori-
cal readings on the south arm, and numbers given for the earlier years 
were not measured (except for two intermittent precipitation gages in the 
Salt Lake City area) but estimated through correlations and lake water 
balance computations by the Utah Division of Water Resources and the Utah 
Water Research Laboratory. 
Objective planning of a strategy for dealing with this problem 
requires defining technically workable control methods, estimating their 
effects on probable lake levels, translating effects on levels to effects 
on damages, and comparing the benefits of the damage reduction achieved 
with costs. This summary report presents estimates of probable lake 
levels under current conditions and the changes in these probabilities 
that could be expected with various lake level control alternatives 
(breaching the causeway, pumping into the western desert, and constructing 
reservoirs for irrigation development in the tributary basin). It also 
presents benefit estimates for these alternatives. Methodology 1S 
described in Bowles, James, and Chadwick (1984). 
*The values given provide general information on the magnitudes of 
the various events overtime but cannot be taken as precise measurements. 
In the analyses pre~ented in the following pages, the earlier data are 
used solely to bring information on earlier conditions into the estimates 
of the long term means and standard deviations of the data sequences. The 
definition of other relationships among them is based on actual measure-
ments which began for the various items at the times indicated by the 
lines. 
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Table 1. Historical hydrologic sequences a . 
Equivalent Annual High 
Precipitation Fresh Water Lake Level 
Water River Flow in on Lake in Lake Evapora- in Feeth 
Year Acre-Feet C Inchesg tion in Inchesh (ms 1) 
1851 1403000 8.27 51.31 4202.10 
1852 3474000 6.56 54.37 4203.00 
1853 2083000 12.60 46.15 4204.00 
1854 2269000 9.80 49.17 4204.20 
1855 1351000 8.67 50.71 4204.60 
1856 1349000 12.13 46.60 4204.20 
1857 396000 14.66 44.41 4204.00 
1858 871000 10.60 48.21 4203.00 
1859 605000 14.10 44.85 4201.80 
1860 1157000 9.50 49.55 4201.30 
1861 1311000 10.51 48.31 4201.00 
1862 3187000 12.54 46.21 4203.00 
1863 3453000 7.33 52.88 4204.00 
1864 2209000 10.28 48.58 4204.50 
1865 3021000 13.28 45.54 4205.40 
1866 1907000 19.30 41.40 4207.00 
1867 3051000 13.68 45.20 4208.40 
1868 2984000 16.24 43.27 4210.00 
1869 2935000 11.50 47.23 4211.00 
1870 1243000 13 .84 45.06 4210.60 
1871 3891000 8.18 51.45 4210.50 
1872 4536000 9.85 49.11 4211.40 
1873 1862000 13 .01 45.78 4211.60 
1874 1948000 9. 28 i 49.85 4211.30 
1875 1278000 12.27 46.82 4211.00i 
1876 2907000 15.38 43.48 4210.90 
1877 2181000 8.55 50.81 4210.40 
1878 1331000 11.35 48.00 4209.40 
1879 1358000 5.99 54.64 4208.10 
1880 2128000 8.16 48.95 4206.50 
1881 2528000 10.50 49.56 4206.50 
1882 1930000 8.49 49.44 4206.00 
1883 1686000 7.53 51.97 4205.00 
1884 2658000 15.35 41.83 4205.90 
1885 2877000 13.76 45.04 4207.30 
1886 2717000 11.61 48.80 4207.70 
1887 2179000 8.21 5] .75 4207.20 
1888 1762000 7.16 53.53 4206.10 
1889 895000i 7.83 53.34 4204.80 
1890 1855000 14.79 44.07 4204.10 
1891 1361000 12.55 44.95 4203.50 
1892 988000 10.48 48.29 4202.90 
1893 1641000 11.51 45.67 4203.00 
See explanations in footnotes at the bottom of the last page in 
the table. 
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Table 1. Continued. 
Equivalent Annual High 
Precipitation Fresh Water Lake Level 
Water River Flow in on Lake in Lake Evapora- in Feeth 
Year Acre-FeetC Inchesg tion in Inchesh (ms!) 
1894 3144000 9.84 48.46 4203.00 
1895 1460000 7.05 51.47 4202.2U 
1896 2258000 8.78 49.43 4201.80 
1897 2117000 9.92 49.09 4202.30 
1898 1841000 9.12 49.90 4201.90 
1899 2029000 8.74 48.10 4201.20 
1900 1543000 7.18 55.08 4201.00 
1901 1507000 10.02 51.90 4200.00 
1902 1110000 7. 73 52.20 4199.00 
1903 1255000 8.37 50.63 4197.70 
1904 2141000 10.03 49.85 4198.30 
1905 1082000 8.87 51.87 4197.60 
1906 1809000 13.25 45.39 4198.30 
1907 3831000 11.54 49.14 4200.50 
1908 1873000 12.06 48.69 4201.00 
1909 4058000 13.41 48.99 4202.60 
1910 3008000 9.11 53.24 4203.90 
1911 1928000 9.95 50.06 4203.20 
1912 2073000 11.31 44.39 4202.70 
1913 2461000 9.93 47.61 4202.90 
1914 2603000 12.27 47.00 4203.60 
1915 1399000 10.79 46.76 4203.20 
1916 2115000 8.92 47.25 4202.90 
1917 2735000 14.12 41.75 4203.40 
1918 2630000 8.09 51.99 4203.50 
1919 1647000 8.28 53.37 4202.70 
1920 1910000 11.22 46.04 4202.00 
1921 3498000 11.65 47.77 4203.30 
1922 3978000 11.36 50.82 4204.40 
1923 2771000 11.50 44.18 4204.90 
1924 2681000 6.86 51.50 4205.10 
1925 1944000 14.87 44.81 4204.30 
1926 1740000 10.38 48.96 4204.30 
1927 1765000 10.00 46.63 4203.50 
1928 1894000 6.77 51. 79 4202.60 
1929 1140000 11.45 45.79 4202.00 
1930 3214000 10.76 48.79 4201.20 
1931 811200 6.23 54.07 4200.45 
1932 1406200 11.02 46.85 4199.40 
1933 1243300 7.25 50.61 4198.85 
1934 599600 5.50 60.99 4197.20 
1935 799200 9.98 49.44 4196.05 
1936 1468600 10.20 50.25 4195.80 
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Table 1. Continued. 
Equivalent Annual High 
Precipitation Fresh Water Lake Level 
Water River Flow in on Lake in Lake Evapora- in Feeth 
Year Acre-FeetC Inchesg tion in Inchesh (msl) 
1937 1399200 11.12 47.63 4196.45 
1938 1486400 10.76 54.18 4196.55 
1939 1122400 10.08 55.16 4196.55 
1940 861000 8.21 58.91 4195.75 
1941 940100 14.11 48.33 4195.65 
1942 1399300 11.47 47.76 4196.55 
1943 1575500 8.42 53.57 4196.20 
1944 1305800 10.82 50.08 4196.45 
1945 1417500 11.35 47.22 4196.40 
1946 1807100 10.14 49.50 4197.15 
1947 1630000 12.43 46.60 4197.20 
1948 1899000 9.49 49.68 4197.75 
1949 1802900 10.82 46.47 4198.25 
1950 2632500 10.43 45.82 4198.80 
1951 2484800 11.38 49.55 4199.90 
1952 2580700 10.80 47.83 4200.95 
1953 1768100 8.91 48.17 4200.55 
1954 955300 6.65 52.65 4199.35 
1955 921800 9.31 46.36 4198.05 
1956 1392800 9.01 48.13 4197.85 
1957 1505500 11. 73 46.02 4197.45 
1958 1736600 8.82 51.63 4197.40 
1959 935500 8.83 49.00 4196.05 
1960 862800 6.56 53.93 4195.30 
1961 597600 7.97 53.58 4193.80 
1962 1253300 11.93 48.75 4193.85 
1963 921800 8.59 47.08 4192.95 
1964 1392800 10.46 46.03 4194.15 
1965 1505500 12.04 43.85 4194.25 
1966 1584200 6.57 51.19 4195.60 
1967 1620500 11. 73 44.50 4195.15 
1968 1652300 12.42 47.82 4195.60 
1969 2182700 10.73 51.35 4197.10 
1970 1593500 10.89 50.06 4196.40 
1971 3009700 13.15 47.42 4198.00 
1972 3071700 10.32 48.32 4199.60 
1973 2364000 14.81 48.94 4200.45 
1974 2545300 9.19 53.93 4201.30 
1975 2337200 13.45 44.91 4201.55 
1976 2535700 10.81 45.51 4202.25 
1977 1068900 9.74 47.18 4200.70 
1978 1637700 12.56 43.75 4200.25 
1979 1453700 9.36 44.42 4199.90 
Table 1. Continued. 
Equivalent Annual High 
Precipitation Fresh Water Lake Level 
Water River Flow in on Lake in Lake Evapora- in Feeth 
Year Acre-Feet C Inchesg tion in Inchesh (ms!) 
1980 2493400 13.25 44.24 4200.55 
1981 1496600 9.31 46.73 4200.25d 
1982 2440000 17.23 44.00 4200.85d 
1983 5304300 17 .79 41.85 4205.00d 
Average. 1953072 10.59 48.64 
Most Likely 
1984e 3926247 11.04 45.48 4206.90 
aData estimated from available surface runoff and lake stage (U.S. 
Geological Survey) and climatological (National Weather Service) records 
by the Utah Water Research Laboratory and the Utah Division of Water 
Resources. 
bSouth arm levels are presented after construction of the causeway 
l.n 1959. 
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cRiver flows are combined totals for the Bear, Weber, and Jordan 
Rivers. River flows through 1889 are estimated from the water balance 
model. Stream gaging began on the Bear River in 1890, and tne annual 
flow totals are highly correlated with the records beginning later on the 
Weber and Jordan. Historical flows are modified to represent current 
tributary land and water use conditions (James et al. 1979). Includes 
water released from Willard Bay beginning in 1965. 
dThe USGS as of January 1984 was in the process of adjusting the 
1981-3 stages to correc~ for a gradual settlement of the gage in the lake 
muds. 
eBased on information available October 1, 1983. 
fLake levels before 1876 are approximate and disputed. 
gThe precipitation and evaporation amounts over the entire lake 
surface should be considered reliable to no more than the nearest inch. 
Precipitation estimates are based on Thiessen polygons for weighting pre-
cipitation records since 1875 at Salt Lake City, Ogden, and Corinne; 
adjusted to reflect relatively smaller amounts of precipitation over the 
lake as estimated from a Thiessen network encompassing Kelton, Corinne, 
Farmington, Lakepoint, and Midlake for the period of 1920 through 1929; 
and correlations of older gages with these records for earlier years. 
hFresh water evaporation estimates are based on the data 
collected at the Bear River Bird Refuge beginning in 1937 and corre-
lations of evaporation with precipitation during the years since to 
estimate evaporation in earlier years. 
iData below the lines in each column are estimated by starting 
from direct measurements of data of the indicated type. Earlier data 
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are approximated by correlations with other types of data for which 
measurements began earlier or through the use of lake water balance 
computations and must be regarded as gross approximations. For the 
purpose of estimating lake level probabilities, however, the earlier 
approximations are useful in representing the wet conditions in the 1860s 
and l870s and thus show high levels to be more likely than one would 
infer from the period of record below the lines alone. In reality, none 
of the data are fully measured. Stream and groundwater flow enter the 
lake from areas not captured by the three river gages. Precipitation and 
evaporation are measured at points nearby, rather than on, the lake. 
Evaporation varies with salinity at the lake surface, and salinity 
patterns over the lake surface and how they vary with time are poorly 
understood. 
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Hydrologic Probabilities 
The data 1n Table 1 provide information, when interpreted in con-
sideration of the reliability of the estimates, for establishing prob-
abilities for lake inflows in the near future in which lake level control 
alternatives must be compared. Table 2 provides geometric information 
for use in estimating lake levels from inflows with a water balance 
model. 
The method used to estimate lake level probabilities depends on 
whether one assumes that 1) the sequence is a homogeneous annual series 
representative of long term conditions, 2) the sequence is not representa-
tive and the probabilities that it provides can be improved by also 
considering the geologic record of higher lake levels over the last 300 
to 500 years, or 3) exogenous events (volcanic eruptions, sunspot cycles, 
planetary tides, etc.) cause changes or cyclic patterns longer than the 
annual weather cycle. The logical assumption to make depends on the 
application to be made of the probabilities and the data at hand. For 
the application of evaluating current lake level control options, one is 
confined to using data presently available and is most interested in what 
the lake will do over the next few years. Reliable data were not found 
for quantifying the second assumption, and the geologic data could not 
readily be translated into short term probabilities. However, the 
geologic record should be carefully examined in estimating probabilities 
for use in long term planning of land use and facilities construction 
near the lake. 
Applying the first assumption, the inflow, precipitation, and 
evaporation data in Table 1 can be examined statistically for significant 
Table 2. Stage-area-volume-evaporation data for the Great Salt Lake. 
Water Surface 
Elevation (feet) 
4170 
4180 
4184 
4186 
4188 
4189 
4190 
4191 
4192 
4193 
4194 
4195 
4196 
4197 
4198 
4199 
4200 
4201 
4202 
4203 
4204 
4205 
4206 
4207 
4208 
4209 
4210 
4212 
4216 
4218 
Surface Area 
1000 Acres 
ll8 
407 
482 
509 
535 
550 
564 
580 
602 
633 
678 
720 
773 
840 
890 
970 
1079 
ll40 
ll75 
1201 
1223 
1251 
1330 
1375 
1410 
1450 
1490 
1572 
2227 
2519 
Storage Volume 
1000 Acre-feet 
250 
2951 
4733 
5725 
6769 
7311 
7868 
8440 
9031 
9646 
10301 
11002 
11750 
12556 
13422 
14350 
15370 
16481 
17641 
18829 
20041 
21277 
22542 
23808 
25075 
26341 
27607 
30669 
38671 
43417 
Estimated Evaporation 
1000 AF/yeara 
297 
1023 
1212 
1280 
1345 
1383 
1419 
1458 
1513 
1591 
1704 
1810 
1943 
2111 
2292 
2557 
2908 
3133 
3288 
3413 
3524 
3648 
3923 
4100 
4240 
4397 
4550 
4862 
6900 
7900 
aBased on mean evaporation rate and provides a rough indication 
of the level at which the lake would stabilize given an average inflow 
over a period of years. 
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relationships. A model that preserves those relationships can then be 
applied to generate alternative equally probable sequences of these three 
variables that might occur in future time periods. It was found that the 
significant relationships within and among the three series could be 
preserved with a lag one autoregressive model. Application of this model 
to generate data sequences that are then translated into lake level 
sequences with a water balance model gives the probability estimates for 
future lake levels shown in Table 3. If no control measures are adopted, 
the probabilities show that continued moisture conditions within the 
Great Salt Lake Basin at a 100-year return period or 1 percent frequency 
level will cause the lake to continue to rise until peaking at about 4214 
in 1988. Appendix A provides a simple but approximate method for tracking 
wetness levels within the water year. 
The most likely 1984 streamflow, precipitation and evaporation 
amounts shown on the bottom of Table 1 are based on the lag one auto-
regressive model assuming a zero random error term. They give the most 
likely 1984 expectation given the wet 1983 conditions (but using no 
information that has become available since October 1) and show that even 
with approximately normal precipitation in 1984, we could expect about 
twice normal river flow into the lake. 
Event sequences were generated for 1000 equally probable situations, 
and all 1000 were translated into lake level sequences. By sorting the 
resulting lake level highs for selected years from highest to lowest, 
one can determine the level associated with various event frequencies. 
For example, the tenth highest in the sort would be the 1 percent 
event. 
Table 3. Probabilities on expected highs for current lake rise. a 
Percent Chance of Occurring High for Risec 
or Being Exceeded High for 1984b Level Year 
1 4210.1 4214.4 1988 
10 4208.4 4210.4 1986 
25 4207.8 4208.4 ] 985 
50 4206.9 4206.9 1984 
75 4206.3 4206.3 1984 
90 4205.8 4205.8 1984 
99 4205.1 4205.1 1984 
aEstimated by Utah Water Research Laboratory given the historical 
inflows for the water year ending September 30, 1983 and the recorded 
lake level at that time. 
bThe interpretation of this column is that should 1984 prove to be 
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a mean annual water year in terms of inflow to the lake, the expected 
high would be 4206.9. If the inflows were such that they would be ex-
ceeded only 1 year out of 10, the high would be 4208.4. If 1984 had been 
a dry year such that inflows would be exceeded 9 years out of 10, the 
high would be 4205.8. As of January 1984, flows appeared to be at a 
l-year-out-of-lO level or higher. If this trend continues, the lake will 
peak at 4208.4 or higher in the summer. 
cThe highest events are associated with rises that continue over a 
period of years. These rises would occur were the wet conditions to con-
tinue at the indicated wetness frequency through the indicated year. 
This analysis provides _probability estimates of lake levels if no 
control efforts are undertaken. The effects of control efforts on lake 
stage probabilities are estimated by modifying the event series or the 
lake water balance model according to the effect that a given control 
measure would have. Three control methods were examined: 
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1. The effect of breaching the causeway was examined by modifying 
the water balance model to represent a 300 ft opening in the causeway 
rather than continuing the present representation of limited flow through 
the causeway. 
2. The effect of pump~ng into the western desert was examined by 
using a propos~d pumping system design (Eckhoff, Watson and Preator 
Engineering 1983) to specify the operation schedule for the system 
shown in Table 4. This schedule accounts for the water required to fill 
the ponds after pumping starts, the evaporation from the operating 
ponds in the western desert, drainage from the ponds after pumping 
ceases, and flow maintained through the ponds to preserve the salt 
balance and keep salt from being deposited in the desert. Pumping ~s 
assumed to begin whenever a water year begins with a lake level over 
4202 and to continue until the lake drops back below that level. 
3. The effect of constructing reservoirs in the basin tributary 
to the lake and diverting the water for consumptive use was examined by 
subtracting the annual consumptive use from the streamflows into the 
lake each year. The annual consumptive use rate studied was 300,000 
AF/year. After the reservoirs are constructed, the same consumptive use 
rate will continue indefinitely. 
Table 4. Water balance within West Desert ponds during pumplng period. 
Inflow 
Capacity 
Evaporation 
1.77 maf/yr (2450 cfs) 
1.33 maf 
1.06 maf from 450,000 Ac 
(Net of mean flow of 500 cfs through ponds in years with pumping to 
provide return of salt brine to the lake and thus prevent salt accumu-
lation in the desert). 
Annual Water Balance Amounts in million acre feet (mat) 
Year Pumped Evaporated ~Storage End of Year Returned Net Water* 
Storage Removal 
1 1.43 1.03 0.40 0.40 0.00 1.43 
2 1.43 1.03 0.40 0.80 0.00 1.43 
3 1.43 1.03 0.40 1.20 0.00 1.43 
4 1.43 1.03 0.13 1.33 0.27 1.16 
5 to n 1.43 1.03 0.00 1.33 0.40 1.03 
n+1 0.00 0.93 -1.33 0.00 0.40 -0.40 
n is the number of the last year of pumping 
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n+l is the year in which the ponds drain back into the lake after pumping 
ceases 
*The column on the right gives the net water removal from the lake in 
each year in which pumping continues from 1 through n. 
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Options also exist as to the timing of implementation of these 
three basic control measures. The eight options examined are defined 1n 
Table 5. Present information is that the causeway can be breached 1n 
the late spring of 1984. Since the water balance model is based on time 
periods of one water year, this was applied as a breaching being effec-
tive by October 1. Similarly, the earliest possible date for having a 
functional west desert pumping scheme was taken as October 1, 1986, and 
the earliest possible date for having functional water projects consuming 
300,000 acre-feet of water annually was taken as October 1, 1993. For 
each of these three options, possibility exists that the above schedule 
will not be met. Consequently, options E, F, and G were examined to 
determine the effects of one year delays in each case. Finally, option 
H was examined to determine the effect of reservoir construction should 
the short term measures of causeway breaching and pumping not be imple-
mented. 
The options are additive. Option A is to do nothing at all and 
let nature take its course. Option C assumes that option B is previously 
executed. Option D assumes that options Band C are in place. The 
analysis thus estimates the effects on lake levels and the benefits of 
incrementally adding new measures to those already implemented. 
Table 6A presents lake levels associated with various probabil-
ities for various years with option A. The interpretation of these 
results over the next few years is the same as that presented above 
for Table 3. The bottom row in Table 6A estimates that once one goes 
far enough into the future for the estimated lake levels for var10US 
probabilities to not be affected by the current high water, the average 
situation will be a level of 4199.7. The two end columns indicate 
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Table 5. List of cases analyzed. 
Abbreviation 
C 
B85 
B85 + P87 
P85 + P87 + R94 
B86 
B85 + P88 
B85 + P87 + R95 
R94 
l.on 
Control - Situation if no lake-level control measures 
are implemented, Benefits of the other cases are 
estimated as the damage reduction from this base 
condition. 
Breach 1985 - Situation if causeway is breached 
effective October 1, 1984, or at the beginning of the 
1985 water year. 
Breach 1985, Pumping to Desert 1987 - Causeway breach 
becomes effective October 1, 1984; Pumping into 
western desert becomes effective October 1, 1986. 
Comparison with B gives benefits from Pumping to 
the Desert •. 
Breach 1985, Pumping to Desert 1987, Water development 
projects 1994. Comparison with C gives benefits from 
water development through reservoir construction. 
Breach 1986 - Examined to determine the consequences 
of a one year delay in breaching. 
Breach 1985, Pumping to Desert 1988 - Examined to 
determine the consequences of a one year delay l.n 
implementing the pumping scheme. 
Breach 1985, Pumping to Desert 1987, Water Development 
Projects 1995, Examined to determine the consequences 
of a one year delay in implementing the water develop-
ment projects. 
Water development projects 1994. Comparison with A 
gives benefits from water development should the 
breaching and pumping not be implemented. 
Tllbie 6. 
A. OBL ANNUAL PEAK ELEVATIONS WITH AS90CIATED PROBABILITIES 
1000 TRACES - CONTROL 
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::1030. 4191.3 4195.5 4197.4 41".8 4202. I 4:204. 4 4210. 4 
::1040. 4191.2 419S.3 4191.4 4199,5 41201. 8 4204.0 4209, I :J050. 4191. , 4195.4 4197, :I 4199.7 4202.0 4204. S 4209.9 
C. ~SL ANNUAL PEAK EJ EVATlONe WITH A8SOCIATED PRCIIAIlUTtEa 
1000 tRACES - 300 Fl BREACH IN 8:1. WEST DESERT PUMPING IN 87 
0.'"0 O. 900 0.750 O.SOO 0.2SO 0.100 0.010 
1983. 4205,0 4205.0 420'.0 420:1.0 4120S.0 420'.0 420S.0 1984. 420'. 1 4205,8 4206.3 4206." 4207.8 4208.4 4210. , 198'. 4:103.0 4204.3 420'.2 4206.3 4207.6 4208.8 4211. " 1986. 4201.6 4203.3 4204. , 420'.8 4::107.6 4:109,S 4212.7 1987. 4200.2 4201. 7 4202. 7 4:104,3 4::106.::1 4208.6 4212.:1 1.,88. 41ge." 4200. 7 4201.6 4202.S 4204.6 4::101.0 421::1. 1 '989. 41.,7.8 41.,9.S 4:100.8 4201 •• 4::103.0 4206.0 4210.7 1".,0. 4196.:1 
"'.,8.8 4200.0 4::101. 4 4::102.3 4::104.6 4::10 •• , 1"5. 4192.2 4196. 2 4197.9 4199.6 4201.3 4202.::1 4::106. 7 2000. 41'0. :I 41".0 4197.0 4198. " 4::100.9 4202.0 QO'.3 2010. 4190.7 41"4.8 4196. " 4199.0 4::100.9 4::101t 0 4204. I 20::10. 4191. ::I 419:1.0 4197.0 419'.0 4200.e 4202.0 4204.5 2030. 41"1.1 4'''5.1 41"'.0 4".,. I 4200.8 4::101.9 4204.0 :2040. 4191.0 41.,4.' 41.,6.9 4198.8 4200.4 4201.8 4:204.3 ::1050. 4190.9 4195. 1 4'.,6." 4''''.0 4::100.8 4202.0 4204.6 
. "--- ~-.--.-.. 
B. 081. ANNUAL PEAK ELEVATIONS Io/lTH A8SOCIATe) PRCIAIILITIEI 
1000 TRAca - 300 " IREACH aTARTlNO IN 1915 
0.990 0.'fOO 0.750 O.SOO 0.2'0 O. 100 0.010 
1 '983. 4::10S.0 420:1.0 4:10S.0 4205.0 420S.0 420S.0 420:1.0 
1984. 420S. I 4205 •• 4206.3 4206.9 4207 .• 42oe.4 4210. 1 
1985. 4203.0 4204.3 4205.2 4206.3 4207.6 4208.8 42U • ., 
1986. 4:101.6 4203.3 4204.5 4:105.11 4207.6 4209.5 4212.7 
19S7. 4200.2 4202.4 4203.6 4205.2 4207. 1 4209.4 4213.0 
1988. 4199.0 4201.12 4202.7 4204. S 4206.' 4208.9 4213.4 
1989. 419 •• 0 4200.3 4201.9 4203.1 4206.0 4208.11 4213.0 
1990. 4196.8 4199.4 4201. , 41203. I 4205.S 4208.2 4212.8 
1995. 4193.4 4196.7 41ge.6 4200.8 4203.2 4:206. 3' 4=l tl. 7 
2000. 4191.0 4195.6 4197.5 4199.7 4202.2 420S.0 4210.7 
2010. 4l9i,3 4"S. , 4197.:1 4I.'.S 4201.6 4204.0 420e.9 
::1020. 4191.7 4'95.:.1 4191.2 4199.4 4201.4 4204. 1 420B.6 
2030. 4191,:.1 4'9'.:' 4191,3 4199.4 4201. , 4203.8 4209.4 
2040. 4191. I 4195. 1 4197. 1 4199. I 4201. :z 4203.4 4208. I 
2050. 4191.0 4195.2 4'9".2 41'9.3 4201. S 4203.8 4209. I 
, -_._--_._." 
D. 081. ANHUAL "!AI( ELEVATIONS WITH AeSOCIATED .. RoaA.ILlTlES 
1000 TRACES - IRE4CH IN a" W.D. IN 87. 300.000 AF U.S.D. IN '4 
0.990 0.1'00 0.7SO 
1983. 420S.0 420'.0 420'.0 
1984. 420S.1 420',8 4206.3 
199'. 4203.0 4204.3 420'.2 
l.,e6 4201. 6 4:!03.:' 4204.' 
1.,..7. 4200.2 4201.7 4::102.7 
1988. 4'98.9 4200.1 4201.6 
, .,S9. 4197. S 4199.8 4200.8 
1990. 4196. S 419&.& 4200.0 
1995. 4191.3 419S.4 4197.2 
:ZOOO. 4181.' 4193. I 41"'.2 
2010. 411Mo.' 4'91.6 4194.4 
2020. 4'U.1 419t.1 4194.4 
2030. 418'.9 4191. 6 4194. , 
2040. 4186.0 4191'.6 4194.4 
aoso. 418S.7 4191.6 4194.3 
0.:100 0.2SO 
42OS.0 420S.0 
4206 • ., 4207.8 
4206.3 4207.6 
420S.8 4207.6 
4204.3 4206.2 
420::l.S 4204.6 
4201.& 4203.0 
4201. 4 4202.3 
4199.0 4200.& 
41.7.6 4199 .• 
41"'.3 4199.' 
4"". t 4199. S 
4197. :z 4''''.4 
41.,6.8 41,".2 
4197. I 4199.3 
O. 100 
420'.0 
42Oe.4 
4208.& 
420'9.' 
4208.6 
4::107.0 
4206.0 
4204.' 
4202. 1 
4201.6 
4:201,2 
4201.4 
4201.0 
4201.0 
4201.3 
0.010 
420S.0 
4210.1 
4;Z1t. " 
4212.7 
4212.:1 
4212.1 
4210.7 
420'.9 
4206.::1 
4204, I 
4203. 1 
4203.3 
4203.' 
4:203. I 
4203.0 
A3ir 
~t: 
~ 
.... 
0\ 
TabLe 6. Continued 
E. O!ll.. ANNUAl. "EM ELEVIITIONS WITH ASSOCIAT1!:!) "R08AaILITlE8 
1000 TR4CEI - ~OO FT BREACH IN l~e6 
0."'0 0.900 0.7S0 O.SOO O.:lSO O. 100 0.010 
1991., 4:10S.0 4:10S.0 4:10',0 4:10'.0 4:10'.0 420'.0 4205.0 1984. 4:10'. 1 4:10:1.8 4:106.3 4:106.~ 4:107.B 420B.4 4210. 1 
"8S. 4:103.6 4:104.9 4:10'.8 4:107.0 4208.4 42~.8 4:21:2 • ., 1996. 4:101.6 4:10:1. 4 4204.' 4:10'.8 4207.6 4209.5 4:2t:l.7 1987. 4:Z00.:2 4:10:1.4 4:20::1.6 4:10S.:I 4207. t 420~.4 4213.0 1988. 41'''.0 4:101.2 4202.7 4:Z04. S 4206.S 420B.' 4213.4 1911 •• 4,.,S.0 4:Z00.~ 4201." 420l.8 4206.0 420a.S 4213.0 19"0. 4"6.8 4"".4 4201. I 4;03. I 420'.' 420a.2 4212.8 
".". 4193.4 41'6.7 4198.6 4:100.8 4203.2 4206.3 4211.1 
:1000. 41~1.0 41~S. 6 4l"7. , 'It.,.,. 1 4202.2 4.20'.0 4liZl0.1 
:1010. 41".3 4 ",. I 4197.2 4"". , 4201.6 4204.0 4208." :10:10. 41"'.7 41':1.2 41".2 41"".4 4201.6 4204. 1 4208.6 :10:10. 4191. :2 41".~ 4197.3 41"".4 4:201.S 4:103.1 4:10".4 :1040. 4 "I. 1 41"S.1 41".1 41"'.1 . 4:20S. 2 420j.4 4:208. I :ZO:lO. 41.,1.0 419:1. :I 4197.2 4199.3 4201.S 4203.1 4209. I 
G ,ost. A~NV"'- "£AI( EI EVIITlONS WITH MSOCIATEt\ PROS"ULITIES 
1000 TR"CES - BREACH IN as. W.D. IN 87. 300000 USD IN 9' 
0.,"0 O."POO 0.7~ 0. '00 0.2~ 0.100 0.010 
1"83 4:10'.0 420'.0 4:10'.0 ~O'.O 420S.0 420'.0 420S.0 . 
1,",4. 4:10'. I 4::l0'.8 4:106.3 4206.' 4207.8 42011.4 4210. 1 
1'8'. 4:103.0 4204.3 4:10'.2 4206.3 4207.6 4:108.8 4211.' 
1""6. 4201." 4:Z03.3 4:104.' 420' .• 4:ze7.6 4209.5 4:212. 7 
"87. 4:100.:2 4::l0t. 7 4:102.7 4204.3 4206.2 4208 •• 4212.5 
19118. 4"'8. , 4:100. 7 4201. 6 4202.' 4204.6 4:101.0 4212. 1 
In". 41'7.8 41'''.8 4:100.11 4:101.8 4:203.0 4206.0 4210.1 
1,.0. 41". S 41.,e.8 4200.0 4:101.4 4202.3 4:104.6 4209.' 
",n. 4"'1.7 4195.11 4197.:1 419~. 3 420t. 0 420:1.2 4:106.' 
2000. 4187.8 4"::1.2 419S.3 4197.7 41.,..,.' 4201.' 4204.2 
2010. 4186 6 41'''.6 41'4.' 4"7.3 41""'.6 4201.2 4203. 1 
:10:10. 418-...7 41".7 4"".4 41'''.1 419.,. , 4201. 4 4:103.3 
:I~O. 4Ia, .• 41".6 4194. , 4"7.2 41.,..,.4 4:zel.0 4:103.' 
:1040. 41B6.0 41~1.6 4194.4 4196.8 4199.2 4201.0 4203. 1 
:10:10. 41B'.7 4191. 6 4194.3 4197. I 4199.3 4201.3 4:103.0 
F.o81. ANNUAL ~EAK ELEVATIONS WITH ASSOCIATED ~~O.AaILITIEB 
1000 TRo\CEI - .~EACH IN 85. W. D. IN 88 
0."0 0.'fOO 0.700 0.000 O.::I~ 0.100 0.010 
1<193. 4205.0 4::10S. O. 4::10'.0 4205.0 4205.0 4205.0 4205.0 1984. 420S. t 4205 •• 4206.3 4206 •• 4;!O7.1 4208.4 4210.1 1 '1'9'. 4203.0 4204.3 420'.2 4:106.3 4207.6 42oe •• 4211 • ., 1.86. 4201 •• 4203.3 4204. , 4:205.8 4207.6 420'.5 421:2.7 1987. 4200.2 4202 •• 4203.6 4205.2 4207.1 420'.4 4213.0 I~SIl. 41"".0 4201.2 4202. 0 4:203.6 420S.7 4208.1 4212." 198'. 41"S.0 4200.0 4201.3 4:10:2.2 4204 .• 0 4206 •• 4:Ul.S n.,o. 41'96,8 4199.2 4200.4 4201.6 420:2.6 420'.3 4210. , I"". 41'92 •• 41".3 4198.0 41 ... , 4:201.3 4:202.2 4206.' 2000. 41'PO.4 419'. 1 4197.1 41".0 4200." 4202.0 420ll.3 2010. 41 'PO. 7 4194.1 4196 • ., 41'''.0 4200.' 4202.0 4'204. 1 :2020. 41"'.2 41n.O 4197.0 41"".0 4200.8 4202.0 4204.' 2030. 4191. I 41n.l 4"'7.0 4".,. 1 4200.1 4:201. , 4:204.0 2040. 4191.0 4194 •• 4"'6. , 419B.8 4200.6 4201.8 4204.3 :10'0. 4190 •• 4195.1. 4196.' 4"".0 42OO.B 4:102.0 4204.6 
H. cSt. A~At.. PEAK Ei.i!:v"TioNS WITH ASSOCl"n:O PAoi"ULITlEtl 
1000 TR-USO (300.000 "'VRI WV 1"'4 
0.990 0 • .,00 0.750 0.500 0.2'0 O. 100 0.010 
1.,93. 4205.0 420'.0 4205.0 4205.0 420S.0 420,.0 420S.0 
1.114. 420'. I 4205 •• 4206.3 4:106.9 4207.8 4208.4 4210. 1 
I.,a,. 4203.' 4204.' 420ll.8 4207.0 4208.4 4:10".B 4212.' 
1986. 4:102.1 4:103.' 420'. 1 4206.5 4208.4 4210.4 4213.7 
1"87. 4:100.' 4:ze3.0 4204.2 4:105.9 4207.' 4210.3 4214.0 
19S8. 41"'.4 4:201.7 .203.3 420'. I 4207.3 4209.8 4214.4 
"~no 4198.3 4200.8 4202.4 4204.5 4206.7 420'.7 4214.0 
"~O. 4197. 1 4"9.8 4201.5 4203. 7 4:ze6.2 4209.0 4213.8 
19.". 4192 .• 4196.3 4\98.3 4200.1 4:203.3 4:206.6 4212.3 
2000. 41sa.2 4193.8 4196.2 4198.1 4201.' 4204.3 4210.6 
2010. 4186.' 4192.2 419'.0 4197. , 4200.4 4202.8 4208.0 
2020. 4186.9 4192.0 4194.8 41'7.7 4200.4 4202.8 4201.lI 
2030. 41116.0 41.,2.0 4"4. , 4197,7 4200.3 4202.4 420S.3 
2040. 41M.2 4191.1 4"4.7 41'91.3 4200.0 420:1. 1 4206.8 
20'0. 4186.0 41"'. B 41'4.7 4197.6 4200. 1 4202.6 4207.6 
..... 
-..J 
that in 98 percent of the years the lake level will be between 4191.1 
and 4209.9. In 80 percent of the years, the lake level will be between 
4195.4 and 4204.5. 
Table 7A presents probabilities that the lake level will reach 
various indicated highs at least once by various years. It shows a 
probability of 0.019 that the level will have reached 4215 by 2050. If 
one is willing to take no more than a 1 percent risk of inundation over 
the period, one should consider a level of about 4216. 
The information in the upper left hand corner of Table 6A and 1n 
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the columns on the left side of Table 7A is rapidly being outdated by 
rising lake levels during the current very wet year. Appendix A provides 
approximations for updating within the year, but accurate updating would 
require replacing the annual with a monthly model. 
Tables 6B and 7B present the effects of breaching the causeway on 
probable lake levels. A reduction in the extreme highs of any follow-
ing lake level of about a foot is achieved beginning immediately after 
the breaching in 1985. Highs when the lake is lower are affected 
very little. Breaching thus buys the benefits of chopping a foot off 
of high lake level peaks. The amount of the benefits depends on the 
property that is spared by this foot. 
Tables 6C and 7C present the added effects of pumping water from 
the lake into the desert. Highs below the lake level at which pumping 
begins (4202) are affected very little. Extreme highs begin to be 
reduced immediately after pumping begins. Comparison of the right 
hand columns in Tables 6B and 6C shows reductions of 0.5 foot in 1987, 
1.3 feet in 1988, 2.3 feet in 1989. 2.9 feet in 1990. 4.0 feet in 1995. 
A. 
B. 
C. 
D. 
Table 7.· 
PR08ABILtTY OF ANNUAL PEAK ELEVATION RIBING TO A OIVEN ELEVATIDN AT LEAST ONCE BY A OIVEN 
1000 TRACEIi - CONTROt.. 
4207.0 
A!l8&_~.·0.4700. 
19B'. O.'~ 
1986. O. :J85O 
19B7. 0.6000 
19B8. 0.6160 
1989. 0.60240 
1990. O. 6300 
1995. 0.6:SOO 
2000. 0.6680 
2010. 0.6890 
2020. 0.7210 
2030. 0.7450 
2040. 0.7'90 
2050. O. 7720 
420&.0 
0.1'i'30 
0.3140 
0.3690 
0.3a:zo 
0.39:10 
0.4050 
0.4120 
0.4390 
0.4560 
0.4&30 
0.5130 
0.5430 
0.5610 
0.'770 
4209.0 4210.0 4212.0 4218.0 , 
O. O460---1);-O1.~~OOOO -''0;-0001). 
O. 1020 O. 0830 O. 0220 O. 0010---. O. 0000 
0.2300 0.1340 0.0430 0.0040 0.0000 
0.2470 0.1490 0.0600 0.0060 0.0000 
0.2600 0.1630 0.0650 0.0070 0.0000 
0.2770 0.1750 0.0710 0.0070 0.0000 
0.2880 O.IBOO 0.0740 0.0080 0.0000 
0.3110 0.2040 0.0860 0.0100 0.0000 
0.3240 0.2160 0.0920 0.0120 0.0000 
0.3530 0.2380 0.1000 0.0140 0.0000 
0.3720 0.2500 0.1040 0.01'0 0.0000 
0.3920 0.2650 0.1120 0.0150 0.0000 
0.4030 0.2750 0.1210 0.0150 0.0000 
0.4190 0.2900 O. 1330 0.0190 0.0000 
PROBAULITY OF ~ PEAK ELEVATION RIBING TO A QIVEN ELEVATION AT LEAST 
1000 TRACES - 300 FT BREACH BTARTlNG IN 19B5 
4207.0 4208.0 4209.0 4210.0 4212.0 4215.0 4218.0 
1984. 0.4700 0.1930 0.0460 0.0100 0.0020 0.0000 0.0000 
198'. 0.4'920 0.2420 0.0910 0.0490 0.0080 0.0000 0.0000 
1986. O. :1340 0.2870 0.1430 0.0840 0.0160 0.0020 0.0000 
1987. O.M60 0.3050 0.1:170 0.0970 0.0270 0.0020 0.0000 
1988. 0.5530 0.3160 0.1710 0.1060 0.0290 0.0020 0.0000 
1989. 0.5620 0.3290 0.1830 • 0.1170 0.0360 0.0020 0.0000 
1990. 0.5670 0.3400 0.1910 0.1220 0.C>400 0.0020 0.0000 
,'",. 0.:J870 0.3620 0.2140 0.1400 0.0490 0.0030 0.0000 
2000. 0.5990 0.3730 0.2270 0.1500 0.0530 0.0040 0.0000 
2010. 0.60210 0.4020 Q.2470 0.1660 0.0570 ·0.00:10 0.0000 
2020. 0.6480 0.4210 0.2600 0.1740 0.0600 0.0060 0.0000 
2030. 0.6660 0.4390 0.2750 0.1830 0.0640 0.0060 0.0000 
2040. 0.6800 0.4540 0.2S5O 0.1920 0.0710 0.0060 0.0000 
20'0. 0.6'920 0.4680 0.3000 0.:w60 0.0740 0.0090 0.0000 
PROBARILITY OF ANNUAl PEAK D~VATION RtSINC TO A OIVEN ELEVATION AT LEAST 
1000 TRACES - 300 FT BREACH IN 85. WEST DESERT PUHPJNC IN 87 
4207.0 4208.0 4209.0 4210.0 4212.0 421:'.0 4218.0 
1984. 0.4700 0.1930 0.0460 0.0100 0.0020 0.0000 0.0000 
198'. 0.4920 0.2420 0.0910 0.0490 0.0080 0.0000 0.0000 
1986. 0.5340 0.::2S70 0.1430 0.0840 0.0160 0.0020 0.0000 
1987. 0.:5360 0.2900 0.14&0 O.OBBO 0.0230 0.0020 0.0000 
1988. 0.:1380 0.2920 0.1470 0.OB90 0.o:a40 0.0020 0.0000 
1989. O.MI0 0.29'0 O. 1'20 0.0910 0.o:a40 0.0020 0.0000 
1990. O.MIO 0.:2"1'70 0.1530 0.0910 0.02:50 0.0020 0.0000 
1,"'. 0.M30 0.301 0.1::t5O 0.0930 0.0250 0.0020 0.0000 
2000. 0.:'4'0 0.3030 0.1::t70 0.0930 O.o:a,O 0.0020 0.0000 
2010. 0.M70 0.30:'0 0.1'90 0.0960 0.o:a60 0.0020 0.0000 
2020. 0.::1490 0.3070 0.1610 0.0970 0.o:a70 0: 0020 0.0000 
2030. 0.':130 0.3090 0.1620 0.0980 0.o:a70 0.0020 0.0000 
2040. 0.':570 0.3120 0.1630 0.0980 0.o:a70 0.002Q 0.0000 
20'0. 0.5610 0.31'0 0.1670 0.1030 0.0280 0.0020 0.0000 
ONCE BY A OI\IEN 
ONCE BY A CIVEN 
19 
YEAR 
YEAR 
YEAR 
PROBIIIIIlLITY OF N.:J~At PEM. ELEVATION RIBINO TO A OIVEN ELEVIIITION AT LEAST ONCE BY A OIVEN YEAR 
1000 11lokC£8 - llREACH IN B~. 1.1.0. IN 87. 300. 000 #.F U. S. O. IN 94 
4207.0 4208.0 42O'f.0 4::l10.0 421::l.0 4::l1::1.0 4::lIB.0 
1"184. 0.4700 O. 1"130 0.0460 0.0100 0.00::l0 0.0000 0.0000 
1 "18:5. 0.4'J'20 0.2420 0.0910 0.0490 O.OOSO 0.0000 0.0000 
1986 0.:5340 0.2870 0.1430 0.0840 0.0160 0.0020 0 .. 0000 
1"187. 0.::1360 0.2'900 0.1460 0.0890 O.o:a3O 0.0020 0.0000 
1989 0.~390 0.2920 0.1470 0.0890 0.o:a4O 0.0020 0.0000 
1989. O.MIO O. :2"1'50 0.1~2O 0.0910 0.0240 0.0020 0.0000 
1990. O.MIO 0.2970 0.1~3O 0.0910 O. o:a5O 0.0020 0.0000 
1,":5. 0.M3O 0.3010 0.1:550 0.0930 0.0250 0.002Q 0.0000 
2000. 0.M40 0.3020 0.1:550 0.0930 0.0250 0.0020 0.0000 
2010. 0.M70 0.3040 0.1~80 0.0940 0.0250 0.0020 0.0000 
2020. O.M90 0.30:50 0.1:190 0.0950 0.02:50 0.0020 0.0000 
2030. 0.':110 0.3060 0.1:590 0.0950 0.0250 0.0020 0.0000 
::i04O. 0.:5:520 0.3080 0.1'90 0.0950 0.0250 0.0020 0.0000 
2050. O.::I~ 0.3100 0.1620 0.0970 0.0250 0.0020 0.0000 
20 
Table 7. Continued. 
pROlIlIIJIlLtTV OF ANNUAL PEAK ELEVATION RIB1NO TD A OlV'EN ELEVATION AT LEAST ONCE BY A OIVEN .... EAR 
E. 1000 TRACES - 300 FT BREACH IN 1986 
4207.0 4a08.0 4:iK>9.0 4210.0 <4212.0 4210.0 4218.0 
1984. 0.4700 0.1930 0.0460 0.0100 0.0020 0.0000 0.0000 
198:1. O.:I~O 0.3140 O. le:zo 0.0830 0.0220 0.0010 0.0000 
1"181a. 0.lUt70 0.3320 0.2020 0.1030 0.0240 0.0030 0.0000 
1987. 0.:17:10 0.3:100 0.2130 0.1160 0.03:10 0.0030 0.0000 
1988. O. :ss:zo 0.3600 0.2260 0.1230 0.0370 0.0030 0.0000 
19M. 0.:1900 0.3730 0.2380 0.1340 0.04<40 0.0030 0.0000 
19'1'0. 0.:19:10 0.3820 0.24:10 0.13<10 0.0480 0.0030 0.0000 
I,,"S. 0.61:10 0.4010 0.2670 0.1:570 0.0:570 0.0040 0.0000 
2000. 0.6270 0.4110 0.27YO 0.1670 0.0610 0.00:10 0.0000 
2010. 0.6470 0.43<10 0.2980 O. 1830 0.06:50 0.0060 0.0000 
2020. 0.6710 0.4:160 0.3110 0.1910 0.0680 0.0070 0.0000 
2030. 0.6880 0.4730 0.3260 0.2000 0.0720 0.0070 0.0000 
:.2040. 0.7010 0.4880 0.3300 0.2090 0.07YO 0.0070 0.0000 
20:10. 0.7120 0.:1020 0.3490 0.2230 0.0820 0.0100 0.0000 
F. PROBABILITV OF ANNUN PEAK ELFVATION RISINO TO A C:lVEN ELEVATION AT LEAST ONCE BY A OIVEN YEAR 1000 TRACES - BREACH IN B:I. W.P. IN 88 
4207.0 4208.0 4209.0 4210.0 4212.0 421:5.0 421B.0 
1984. 0.4700 0.1930 O.~ 0.0100 0.0020 0.0000 0.0000 
198:1. 0.<4920 0.2420 0.0910 0.0490 0.0080 0.0000 0.0000 
1986. 0.:1340 0.2870 0.1430 0.0840 0.0160 0.0020 0.0000 
1987. 0.~60 0.30:10 0.1:570 0.0970 0.0270 0.0020 0.0000 
1988. 0.~90 0.3130 0.1610 0.0990 0.0280 0.0020 0.0000 
19M. 0.:5:130 0.3160 0.16:50 0.1040 0.0280 O.ooao 0.0000 
1"90. 0.:5:530 0.3170 0.1670 0: 10:10 0.029G 0.0020 0.0000 
1"":1. 0.:1:1:10 0.3200 0.1680 0.1070 0.02"0 0.0020 0.0000 
2000. 0.:1:170 0.3220 0.1710 0.1070 0.02"0 0.0020 0.0000 
2010. 0.:1:190 0.32:10 0.1720 O.lIOO 0.0300 0.0020 0.0000 
2020. 0.~10 0.3270 0.1740 0.1110 0.0310 0.0020 0.0000 
2030. 0.~:l0 0.3290 0.17:10 0.1120 0.0310 0.0020 0.0000 
2040. O. lUt90 0.3320 0.1760 0.1120 0.0310 0.0020 0.0000 
20:10. 0.:1730 0.33:10 0.1800 0.1160 0.0320 0.0020 0.0000 
G. PROS~RILtTY OF ~lNUN PEAK ELEVATION RISINO TO A OJYEN ELEVATION AT LEAST ONCE BY A CJVEN YEAR 1000 TRACES - BREACH IN 8:1. W.D. IN B7. 300000 !.lSI) IN '9:1 
4207.0 4208.0 4:iK>9.0 4210.0 4212.0 "'21:1.0 "'21S.0 
1984. 0.4700 0.1930 0.0460 0.0100 0.0020 0.0000 0.0000 
198:1. 0.4920 0.2420 0.0910 0.04'1'0 0.0080 0.0000 0.0000 
1986. 0.:1340 0.2870 0.1430 0.0840 0.0160 0.0020 0.0000 
1987. 0.:1360 0.2900 0.1460 0.08S0 0.0230 0.0020 0.0000 
1988. 0.:1380 0.2'1'20 0.1470 0.08'1'0 0.0240 0.0020 0.0000 
1'989. 0.~10 0.2'1':10 0.1:120 0.0'1'10 0.0240 0.0020 0.0000 
1,,"0. 0.~10 0.2'1'70 0.1:130 0.0'1'10 0.02:10 0.0020 0.0000 
1"":1. 0.~30 0.3010 O.I:5!1O 0.0930 0.02:10 0.0020 0.0000 
2000. 0.~40 0.3020 0.1:1:10 0.0'7.30 0.02:10 0.0020 0.0000 
2010. 0.~70 0.3040 0.1:180 0.0'1'40 O.O2!1O 0.0020 0.0000 
2020. 0.~9O 0.30:10 0.1:190 0.0'1':10 0.02:10 0.0020 0.0000 
2030. 0.:1:110 0.30&0 0.1:190 0.0'1':10 0.02:10 0.0020 0.0000 
2040. 0.:1:120 0.3080 0.1:190 0.0"i':l0 0.02:10 0.0020 0.0000 
20!lO. 0.:1:140 0.3100 0.1&20 0.0"i'70 0.02:50 0.0020 0.0000 
lLtTV OF ANNUAL PEM ELI'VATlON RISINC TO A 01YEN ELEVATION AT LEAST 
ONCE BY A (aVEN YEAR 
H~ PROBI.B N',VR) WY 1994 
'000 TR - USD (300.000 
420'l.0 4210.0 4212.0 421:$.0 4:U8.0 4:207.0 4:208.0 
0.0460 0.0100 0.0020 0.0000 0.0000 0.4700 0.1930 0.0010' 0.0000 
''''8-4. 0.IB20 0.OB30 0.0220 0.:1:)40 0.3140 0.0040 0.0000 1 "re:). 0.2300 0.1340 0.0430 1'1'S6. o.!:Ss:IO 0.3090 0.1490 0.0600 0.0060 0.0000 0.6000 0.3820 0.2470 0.0070 0.0000 1987. 0.1630 O.06!1O 0.6160 0.39:10 o.:::u.oo 0.0070 0.0000 1988. 0.2770 0.17!1O 0.0710 1989. 0.6240 0.40:10 0.1800 0.0740 O.OOSO 0.0000 0.4120 0.2BBO 1'"'0. 0.6300 0.2030 0.08:)0 0.0100 0.0000 0.6490 0.4360 0.3090 0.0110 0.0000 1,,":). 0.3160 0.2110 O.OBSO 0.6hl0 O.4-4!1O 0.0120 0.0000 2000. 0.3310 0.2200 0.0"i'2O 2010. 0.6780 0.4600 0.2240 0.0"i'40 0.0130 0.0000 0 ... 900 0 .... 690 0.3380 0.0130 0.0000 2020. 0 .... 800 0.3'190 '0.2310 0.0"':10 2030. 0 ... .,.,0 0.4880 0.3:)70 0.2400 0.09S0 0.0130 0.0000 2040. 0.7030 0.4990 0.3690 0.:2:110 0.1020 O.OI!1O 0.0000 20:10. 0.7100 . 
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and 5.4 feet in 2000. Consequently, pump~ng will be much more effective 
in reducing future highs when it can begin before the major r1se starts 
than it can be now with the rapid rise at what is likely to be its 
maX1mum rate. The above series of reductions by year are those that 
would be aChieved should an extreme high be occurring and are not 
indicative of reductions under normal conditions. 
Everyone of the lake level sequences examined had some pump1ng. 
Over a 64-year period, the number of years with pumping ranged from 1 
to 23 with some pumping periods lasting up to 12 years. For effective 
pumping operation, one should be prepared to keep the system operational 
over periods as long as 60 years in which no pumping is required, and, 
at the other extreme, be prepared to have to pump one year in three. 
Tables 6D and 7D present the added effects of consumptive use 
of water in the basin resulting from irrigation development. These 
effects first show up 1n 1995 after the reservoirs are built and reach 
up to about 1.6 feet during extreme high situations. However, extreme 
lows are reduced by over 5.0 feet in some situations. The losses 
associated with these low levels should be evaluated as this was not 
done as part of this study. 
Tables 6E through 6H and 7E through 7H present the effects of 
the other options listed in Table 5. Comparison of Tables 6H and 6C 
shows that reservoirs are achieving about 2.3 feet of level reduction 
to extreme events where pumping is achieving about 5.3 feet. This 
extra reduction achieved by pumping is largely associated with the 
much higher consumptive use (I ,060 ,000 AF/yr) as shown in Table 4 com-
pared with the 300,000 AF/yr for the water projects. The difference 
comes from the large area available for evaporation in the desert. 
The data 1n Table 1 can also be used as a data base for testing 
hypotheses on whether events exogenous to normal hydrologic patterns 
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(such as volcanic eruptions) are associated with significantly different 
data values. For example, the major tropical volcanic eruptions (those 
emitting more than 30 megatons of sulfur dioxide into the atmosphere) 
since 1851 were Chichon (1981), Agung (1963), Pelee (1902), and Krakatoa 
(1883). If one assumes that these eruptions darken the atmosphere, 
reduce incoming radiation, and thereby lessen evaporation (the two 
lowest evaporation years were 1884 and 1983) and increase soil moisture 
and runoff for some following period, one can separate affected from un-
affected years and compare them for statistically significant differences. 
However, such studies were not done and the presented results neglect 
these kinds of exogenous factors. 
Expected Damages 
Property damages for 1983 were in the millions of dollars, and 
the total will become much larger should the lake continue to rise. 
The damage estimates used for this study were based on a survey of 
the owners and managers of property and facilities near the lake by 
the Bureau of Economic and Business Research at the University of 
Utah (December 1983). Their data were converted into damages as deter-
mined by lake level and response decisions to rising lake levels by 
the property managers. This information was integrated with the lake 
level sequences generated by the lake water balance model to estimate 
damage sequences. 
Eight damage categories were defined: 
1. Damages to the capital investment 1n facilities owned by 
state and local government, 
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2. Damages to the capital investment in property or facilities 
owned by the private sector or the federal government, 
3. Added maintenance or repair cost for state or local property, 
4. Added maintenance or repair cost for federal or private property, 
5. Reductions 1n state or local tax collections, 
6. Reductions in income of Utah households occasioned by busi-
nesses being closed by the high lake levels, 
7. Increases in income of Utah households occasioned by doing 
the extra maintenance or repair work caused by the high lake levels, 
8. Revenue losses to private industry. 
The damag~s in these categories.cannot be added directly because 
they overlap and different combinations are desired for different 
purposes. Two perspectives were taken in damage estimation. One was 
that of the State of Utah, and the other was that of the nation as a 
whole. From the Utah viewpoint, damages were taken as the sum of the 
amounts in categories 1, 3, 5, and 6. From the national viewpoint, 
categories 2 and 4 were also added. Revenue losses were not included 
because they are gross amounts and only net losses are appropriate in 
the economic analysis. Information on net income as a fraction of total 
income was not available, and the amount was assumed to be small during 
the current period of low business profits. Category 7 was also included 
in separate summations of the losses from both viewpoints. 
The damages summed from the above information are believed to 
underestimate the total for a number of reasons including: 
1. The Bureau of Economics and Business Research was only asked 
to collect . information on damages associated with lake levels up to 4212. 
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Many of the generated sequences went much higher than this. Further-
more, the method of damage estimation from information obtained by 
questioning property managers is believed insufficient for these higher 
levels because the property managers located at these distances from 
the lake have never experienced high lake level situations and thus 
would have little basis for describi~g what they would do. Further-
more, the least cost approach to these high lake levers would normally 
be some combination of diking and pumping. Damages could be estimated 
by designing and costing an appropriate scheme for each major damage 
situation. Such a study could add substantially to the damage estimates 
because damages are so very high at these high lake levels. 
2. High lake levels cause backwater effects upstream in both the 
rivers flowing into the lake and in groundwater gradients toward the 
lake. Properties significantly higher than the lake level can be 
damaged by these conditions. 
3. Wind storms over the lake cause high waves that may damage 
property located substantially higher than the normal lake surface. 
Many experienced property owners were probably considering this effect 
when they responded to the Bureau questionnaire. but this effect was 
probably underestimated for higher properties. 
4. Certain losses were not adequately covered in the information 
provided. For example. the high water causes major traffic interruptions 
on affected highways and railroads. These losses were not estimated. 
Other factors could affect the damage estimates either way. 
These include the strategies that the owners of property may have had 
in responding 1n ways that they thought would bias the results of this 
study in their favor. the tendency of such losses as those to household 
income to decline over time as alternate income sources are found, and 
the effects of lake level change S1nce October 1, 1983. 
The estimated damages, excluding the negative effect of household 
income increases associated with jobs provided to work on damage pre-
vention efforts (category 7) are listed in Table 8 for each of the 8 
options in Table 5. The figures show the damages through 2050 to sum 
to $271.9 million and have a present worth at an 8 percent discount 
rate of $161.1 million. Other present worths are shown for discount 
rates of 5 and 10 percent in order to indicate the sensitivity of the 
results to the selected discount rate. 
Table 9 d~splays total damages, .including the category 7 house-
hold income effect, for each option in the same format used in Table 
8. Table 10 displays damages from the state and local viewpoint, ex-
cluding category 7. Tabl'e 11 displays expected average annual damages 
in the long term future when the present initial lake levels no longer 
alter the estimates. 
Estimated Benefits 
Benefits are estimated from Tables 8, 9, 10, or 11 (depending 
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on the viewpoint taken) by subtracting the damage associated with a 
given option from the damage associated with the control option. For 
example, the benefits from breaching the causeway, assuming a national 
viewpoint, neglecting the category 7 household income effect, and using 
an 8 percent discount rate, are estimated from Table 8 to be $19.0 
million ($161.1 million less $142.1 million). Table 9 shows the benefits 
from causeway breaching to be $13.7 million (a little less than half 
Table 8. Damage comparisons ne 1ng household income increase 
associated with damage prevention work. 
Cases Analyzeda 
C 
R94 
BB5 
BB5 + P87 
BB5 + PB7 + R94 
Present worth of damages 1n million dollars 
Discount Rate 0% 
271.9 
246.7 
Discount Rate 5% 
17B.O 
172.9 
Discount Rate B% 
161.1 
158.7 
Discount Rate 10% 
154.1 
152.5 
237.1 
147.4 
144.0 
156.4 
llB.B 
lIB .1 
142.1 
113.0 
112.6 
136.2 
110.3 
110.1 
BB6 
BB5 + pBB 
BB5 + PB7 + R95 
24B.3 
154.1 
144.1 
166.0 
123.6 
IlB.2 
151.5 
117.2 
112.7 
145.4 
114.2 
110.1 
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aThe abbreviations for the eight cases or options are defined on 
Table 5. The damage estimates given in the body of the table follow the 
same order as the abbreviations at the top. 
Table 9. Total damage comparisons. 
Cases Analyzeda 
C 
R94 
B85 
B85 + P87 
B85 + P87 + R94 
Present worth of damages ~n million dollarsb 
Discount Rate 0% 
194.8 
174.7 
Discount Rate 5% 
110.8 
106.9 
Discount Rate 8% 
96.3 
94.4 
Discount Rate 10% 
90.2 
89.0 
167.5 
88.0 
85.3 
.95.1 
61.3 
60.7 
82.6 
56.0 
55.7 
77 .5 
53.6 
53.4 
B86 
B85 + P88 
B85 + P87 + R95 
176.7 
93.7 
85.4 
102.3 
65.1 
60.8 
89.5 
59.3 
55.7 
84.3 
56.7 
53.4 
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aThe abbreviations for the eight cases or options are defined on 
Table 5. The damage estimates given in the body of the table follow the 
same order as the abbreviations at the top. 
bThese values are smaller than those in Table 8 because the income 
earned through damage mitigation employment is omitted there but sub-
tracted here to estimate total damage. 
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Table 10. State and local damage comparisons neglecting household 1ncome 
increase associated with damage prevention work. 
Cases Analyzeda 
C 
R94 
B85 
B85 + P87 
B85 + P87 + R94 
Present worth of damages in million dollars 
Discount Rate 0% 
169.2 
154.5 
Discount Rate 5% 
95.4 
92.7 
Discount Rate 8% 
82.9 
81.7 
Discount Rate IOi-
77 .9 
77 .1 
148.1 
93.2 
91.3 
84.6 
68.5 
68.2 
73.9 
63.9 
63.7 
69.6 
61.8 
61.7 
B86 
B85 + P88 
B85 + 'P87 + R95 
155.1 
97.8 
91.4 
89.3 
71.4 
68.2 
78.2 
66.4 
63.7 
73.7 
64.1 
61.7 
aThe abbreviations for the eight cases or options are defined on 
Table 5. The damage estimates given in the body of the table follow the 
same order as the abbreviations at the top. 
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Table 11. Average annual damages under stabilized conditions (2010-2050), 
based on total damages. 
Cases Analyzeda 
C 
R94 
B85 
B85 + p87 
B85 + P87 + R94 
Average annual amounts in million dollars 
1.62 
1.23 
Present worths 
rate 
29.58 
22.46 
Present worths 
rate 
19.81 
15.04 
Present worths 
rate 
16.06 
12.20 
in 
l.n 
in 
2010 over 
2010 over 
2010 over 
1.36 
0.46 
0.44 
the following 
24.83 
8.40 
8.03 
the following 
16.63 
5.63 
5.38 
the following 
13.48 
4.56 
4.36 
50-year period at 5% discount 
50-year period at 8% discount 
50-year period at 10% discount 
Note: The present worths assumes that lake level probabilities remain 
stable to 2160. 
aThe abbreviations for the eight cases or options are defined on 
Table 5. The damage estimates given in the body of the table follow the 
same order as the abbreviations at the top. 
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of the total) if one includes category 7. Table 10 shows them to 
be $9.0 million from the Utah viewpoint •. Table 11 shows that the 
benefits would be $3.18 million under average conditions in the future. 
These numbers indicate that breaching the causeway is economically 
justified, that the benefits are somewhat reduced by including the 
effect of damage repair on jobs, that benefits to state and local 
government alone more than justify the cost of the breaching, and that 
the breaching would not be economically justified if the lake were not 
presently so high. 
Each of the other control options can be similarly evaluated 
from these four tables. Using the total damages on Table 9 for example, 
one arrives at the present worth of the benefits shown on Table 12. 
From this. table, one observes that: 
1. Breaching the causeway is economically justified and will 
still be economically justified next year, but with about half of the 
present benefits, should breaching be delayed. This last conclusion 
is of course estimated from how the situation looks now and should be 
reviewed next year based on the additional year of information. 
2. Pumping into the western desert seems to be of marginal econom1C 
justification. Assuming the present worth of the associated costs would 
be $40 million, the costs exceed the indicated benefits of $26.6 million. 
But one should remember that the benefits are probably underestimated for 
the four reasons listed above. A reasonable course of action would be to 
proceed with planning the pumping project and also simultaneously look 
into quantification of these neglected benefits. Next year, the justifi-
cation of the pumping scheme could be reviewed. A one year delay in 
implementing the pumping would cause a $3.3 million reduction in the 
Table 12. Present worth of benefits at 8 percent discount rate 
based on total damage comparisons from Table 9. 
Benefits from breaching causeway 
Breach effected by Oct. 1, 1984 
Oct. 1, 1985 
Additional benefits from pumping into West Desert 
Pumps operating by Oct. 1, 1986 
Oct. 1, 1987 
Lake level control benefits from water development 
mean annual consumptive use of 300,000 AF 
Projects in place by Oct. 1, 1993 
Oct. 1, 1994 
Without short run programa 
Average annual benefit with stabilized 
conditions (after 2010)e 
With short run program 
Without short run program 
$13.7 million 
6.8 million 
26.6 millionb,d 
23.3 million 
projects achieving 
0.3 million 
0.3 million 
1.9 million 
$ 20,000 
$390,000c 
aShort run program combines causeway breaching and pumping to 
the western desert. 
b$29.1 million neglecting effect of household income 1ncreases 
associated with employment to prevent damages (Table 8). 
cBenefits average $1.30 per acre foot of water consumed by 
upstream irrigation projects or a present worth at 8 percent of $15.90 
per acre foot of water consumed every year. 
dpresent worth of the benefits equals $40.0 million at a 4 per-
cent discount rate. 
eEstimates come from section on "average annual amounts in million 
dollars" in Table 11. 
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present worth of the benefits. For pumping the benefits to state and 
local government are only about one third of the total. 
3. Lake level control contributes only about $300,000 to the 
present worth of the benefits of a reserv01r providing irrigation water 
for 300,000 AF/yr of consumptive use. The contribution 1S small on a 
present worth basis because the ten-year period required for project 
implementation means severe discounting and because the pumping scheme 
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is so effective at reducing extreme lake highs that the opportunity to 
realize additional benefits is small. If the pump1ng scheme were not in 
operation, the present worth of the benefits from the reservoir projects 
would be $1.9 million. Since the single payment future worth factor at 
an 8 percent discount rate for the 10 years it will take before the 
reservoirs. can be constructed is 2.16, the present worth of the benefits 
figured as of the date of their construction is $648,000. This figure 
would be the one to compare with project costs at that time. Of course, 
lower lake levels in 1994 than in 1984 would mean less benefits. Finally, 
under average conditions, the. average annual benefit through lake level 
control would be $20,000 if a pumping scheme were 1n place and $390,000 
if it were not. A one-year delay in reserv01r construction would have 
negligible effect on the benefits as presently viewed, but the effect of 
timing on benefits should be reevaluated as the time of project imple-
mentation draws closer. 
Distributions of Damages and Benefits 
The present high lake levels cause the damages expected over the 
next few years to be much higher than the long term average. Table 
13 displays this effect by showing that (given the situation as of 
Table 13. Expected damages by year (in million dollars). 
Year Total a 
1984 35.04 
5 19.68 
6 12.38 
7 7.24 
8 6.12 
9 5.31 
1990 3.78 
1 3.24 
2 3.02 
3 2.68 
4 2.36 
5 2.20 
6 2.06 
7 1.95 
8 1.88 
9 1.83 
2000 1.80 
2005 1.67 
2010-50 1.62c 
aCorresponds to damages as defined for Table 9. 
bCorresponds to damages as defined for Table 8. 
cCorresponds to amount shown in Table 11. 
Neglecting Household 
Income Increaseb 
84.04 
27.33 
16.33 
8.62 
7.46 
6.40 
4.30 
3.72 
3.44 
3.01 
2.79 
2.55 
2.38 
2.27 
2.19 
2.13 
2.08 
1.90 
1.77 
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September 30,1983) we car. e::,!j2Ct $35.04 million 1n damages in 1984 and 
only $1.62 million in the average year after the lake level retreats. 
Actually, the wet conditions that have occurred since October 1 are 
causing the lake to rise faster and will cause the damages to be higher. 
Only quick action can reduce them. Otherwise, it will be too late 
because the damage will already be done. 
One cannot foretell the future. The lake could continue to rise 
rapidly or begin to fall, and the model defines a probability distribu-
tion for these eventualities. Table 14 presents the probability distri-
bution of the damages. The distribution for 1985 shows that the wet 
conditions that existed December 31 (a 5 or 10 percent event) suggest a 
damage in the coming year of $115 million rather than $35 million. One 
can also·see from this table, that should the current water year end 
with an annual precipitation so great that it can be expected to occur 
only once in a 100 years, almost half (153/322) of the present worth of 
the damages expected through 2050 will 'occur next year. On the other 
hand, Table 14 shows that should the lake begin to fall only about 3 
percent of the present worth of the damages through 2050 will occur next 
year. 
Breaching 1S not effective in reducing damages should the lake 
continue to rise very rapidly and not needed should the lake begin to 
fall. The column in Table 8 listing the present worth of the benefits 
shows that the benefit is concentrated in the middle range of rises. 
Actually, the column may give a false impression in that the damages 
associated with a rapidly rising lake are understated because no infor-
mation was available on the damages should the lake level rise past 4212. 
Table 14. Damage probability distributions (all damages in millions 
of do 11 a rs ) • a 
PDc 1985 Damage PW8 of 1985-2050 damageb 
0.01 153 322 
0.05 115 305 
0.10 115 296 
0.15 62 278 
0.25 42 241 
0.40 14 224 
0.50 5 196 
0.75 3 70 
0.90 3 28 
aDamages exclude effect of household income increase associated 
with damage prevention work (definition used in Table 8). 
bpresent worth of damage over the period indicated at a 8 percent 
discount rate. 
CProbability sorted on damages (as 1.S customary 1.n benefit analysis 
for flood control projects). 
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0.01 
0.05 
0.10 
0.15 
0.25 
0.40 
0.50 
0.75 
0.90 
Benefits for various damage event probabi1itiesa (all 
amounts in millions of dollars). 
No Measures 
PWD8b 
322 
305 
296 
278 
241 
224 
196 
70 
28 
Breaching 
PWD8 b PWB8 c 
315 7 
300 5 
278 18 
252 26 
229 22 
210 14 
92 104 
67 3 
25 3 
Pumping into Desert 
PWD8 b PWB8 c 
318 4 
300 5 
278 18 
253 25 
152 89 
118 106 
72 124 
29 41 
22 6 
aDamages exclude effect of household income 1ncrease associated 
with damage prevention work. 
bpresent worth of the damages through 2050 discounted to the 
present at an 8 percent rate. 
cPresent worth of the benefits through 2050 discounted to the 
present at an 8 percent rate. 
dprobabi1ity sorted on damages. 
36 
37 
Table 15 also shows pump1ng into the desert to be effective over a 
much broader range of lake rise scenarios. Large numbers are found in 
the benefit column over a much wider range of probabilities. Pumping 
cannot contain a very rapid rise to a high level, but it is effective 1n 
most other situations. 
Table 15 sorts probabilities on damages and shows the largest 
benefits to be associated with intermediate range damage events. Table 
16 sorts the lake level sequences on benefits. The second column shows 
that, g1ven information available October 1, 1983, there was a 1 percent 
chance that breaching the causeway in the spring of 1984 would yield 
benefits having a present worth as large as $121 million. It also shows 
about a 50-percent chance that breaching would not even produce the 
benefits ~equired to pay a cost of a little under $4 million. Breaching 
potentially has a very high payoff; but, on the other hand, it may not 
pay for itself. 
The third and fourth columns .on Table 15 show that if conditions 
are just right that breaching the causeway can achieve most of the 
benefits that pumping can but that pumping yields large benefits over a 
much wider range of future scenarios. Numbers continue high much 
further down the total benefit column. Pumping is estimated as having 
about a 30 percent chance of paying for itself, but again this proba-
bility would be significantly larger were all the damages estimated. 
The fifth column in Table 16 (when compared with the third) shows that 
employing reservoirs has very little effect in the distribution of 
benefits. The last column shows that reservoirs alone, like breaching 
alone, is only effective in favorable circumstances. 
Table 16. Total benefit probability distributions (all benefits in 
millions of dollars). 
B85 BB5 + P87 B85 + PB7 + R94 R94 
PB.a T ~ Tb 
Mean 13.7 40.3 26.6 40.6 1.9 
0.01 121 130 9 143 26.8 
0.05 103 126 23 132 12.5 
0.10 33 125 92 126 5.2 
0.15 31 107 76 98 3.5 
0.25 6 97 91 71 1.0 
0.40 4 20 16 20 0.6 
0.50 4 16 12 20 0.3 
0.75 2 5 3 5 0.1 
0.90 1 1 0 1 0.0 
aprobability sorted on benefits. 
bThe incremental addition to the benefits of adding reservoirs to 
pumping is approximately equally distributed over all probabilities. 
38 
39 
Table 17 displays the effectiveness of the various alternatives 
1n reducing one of the most severe high level conditions generated 
for the lake. The generated sequence began at a time in the future 
when all three alternatives were in operation. Levels rose from 4206.1, 
close to current conditions, to a high of 4217.4 over a 14-year period. 
Breaching kept the peak about a foot lower during the entire high 
period. Benefits result from the lower crest and the greater time to 
prepare during the rise. Pumping into the desert reduced the peak by 
4.9 feet. In contrast, 'the reservoir alternative evaporating 300,000 AF 
annually reduced the extreme peak of 4217.4 by only 1 foot (to 4216.4) 
or no more than did breaching the causeway would. 
Conclusions 
The results of this study suggest the following conclusions: 
1. Based on flows into the Great Salt Lake through December 31, 
1983, the best estimate is to expect 1984 high of 4208.4 and about $115 
million in damages. 
2. For long term planning applications, one should expect a 
1 percent chance that the lake level will rise to about 4216 by 2050 
unless control measures are undertaken. Causeway breaching or basin 
development consuming 300~000 AF/yr would individually reduce this level 
to about 4215. The scheme under consideration for pumping in the 
western desert could reduce this to 4211. Facility and industrial 
planning near the lake should keep these levels in mind. 
3. Breaching the causeway is economically justified from an 
expected value viewpoint (present worth of expected benefits of $13.7 
million), but much of the benefit is associated with a few situations in 
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Table 17. Effects of var10US concro. !ternatives on a very severe 
level sequence. 
No 
measures 
taken 
4204.2 
4206.1 
4207.5 
4207.4 
4206.7 
4207.3 
4208.5 
4210.2 
4211.1 
4213.9 
4216.0 
4217.3 
4217.1 
4215.7 
4216.1 
4217.4 
4217.1 
4215.5 
4214.3 
4211.2 
4208.7 
4206.4 
With 
breaching 
only 
4203.5 
4205.2 
4206.6 
4206.6 
4206.0 
4206.5 
4207.6 
4209.2 
4210 .1 
4212.9 
4215.0 
4216.3 
4216.1 
4214.7 
4215.1 
4216.4 
4216.1 
4214.5 
4213.4 
4210.4 
4208.1 
4205.8 
With 
pump1ng 
too 
4202.3 
4203.0 
4203.4 
4202.6 
4202.5 
4202.5 
4202.8 
4203.7 
4204.1 
4207.3 
4210.4 
4212.0 
4211.8 
4210 .4 
4211.0 
4212.5 
4212.1 
4210 .3 
4208.4 
4204.6 
4202.0 
4200.4 
With 
reserV01rs 
only 
4202.9 
4204.7 
4205.9 
4205.8 
4205.1 
4205.6 
4206.6 
4208.3 
4209.1 
4212.4 
4214.7 
4216.0 
4215.9 
4214.6 
4215.1 
4216.4 
4216.1 
4214.5 
4213.3 
4209.8 
4207.2 
4204.8 
Note: Rows represent years; each number is the annual lake level high 
in feet (msl) for that year. 
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which the breach will stop rises a few inches short of inflicting major 
damage. The present worth of the benefits is less than (but not much 
less than) $4 million for about half of the likely lake level scenarios. 
About half of the benefits accrue to state and local government, and the 
other half accrue to the federal government and the private sector. 
Benefits would be halved by a I-year delay in the effective date of the 
causeway breaching from 1985 to 1986. 
4. Pumping into the western desert has a present worth of expected 
benefits estimated at $26.6 million; only about one-third of them accrue 
directly to state and local government. However, several major categories 
of benefit, and these are particularly important at high lake levels, 
were not covered in the data provided to this study; and their incorpora-
tion could easily increase the estimate to over $40 million. Even 
without them, there is about a 30 percent chance that the project 
benefits will exceed $40 million. 
5. A very large share of the damages to 2050 can be expected 
to accrue over the next few years. This situation provides a strong 
incentive for immediate action. 
6. Reservoir construction in the tributary basin will generate 
about $1.30 of lake level control benefits per acre-foot of water 
consumed if the breaching and pumping scheme is not implemented first. 
If it is, the benefits will be reduced to about 7 cents by the effective-
ness of the pumping scheme in reducing damages. 
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APPENDIX A 
Approximate Method for Monthly Updating 
of Estimated Lake Highs 
When estimating the probable lake high for the following summer 
at the beginning of a water year, one knows the beginning lake level, 
the antecedent moisture conditions in the basin, and the precipitation 
and evaporation totals for the previous year. Events during the year 
itself (streamflow, precipitation, and evaporation) are partially 
serially correlated with events during the previous year, but they are 
also partially random in that they cannot be predicted on the basis of 
what went before. Possibly some of this randomness could be reduced 
from information and relationships based on events external to normal 
weather patterns (such as volcanic eruptions, solar weather, planetary 
movements, etc.), but quantitative relationships based on these factors 
are yet to be developed. For the present, it is assumed that these 
external factors are to be neglected and that one can only predict 
event totals from one year to the next to the extent that an event 
43 
series is serially correlated as determined from the analysis of histori-
cal data series. 
The Great Salt Lake precipitation data show a relatively low level 
of correlation on an annual basis (R = 0.104). Month-to-month corre-
lations are also very low. Thus one begins a year with a great deal 
of uncertainty as to what the lake levels will be at the end. However, 
as the year progresses, one can improve the estimate on the basis of 
updated information on moisture conditions. Precipitation measurements 
provide an excellent and easily obtained index that can be used for 
updating the coming lake level high. 
44 
For example, at the beginning of water year 1984, the annual model 
for estimating lake level probabilities gave the distribution shown in 
Table 3. If 1984 were an average water year, one would expect, according 
to that table, an annual high of 4206.9. However, as the year unfolded, 
precipitation that fell by December 31 showed the year to be much wetter 
than average. 
In order to ass1gn a frequency to these conditions, one has to 
adopt some index of wetness. The ideal information would be monthly 
flows into the lake and evaporations from the lake. However, such 
information is not readily available, and simplicity suggests precipita-
tion as a single readily available index. Using precipitation measure-
ments at Salt Lake Airport and assum1ng that the rise in lake level is 
primarily. affected by October through June precipitation, the historical 
frequency distribution (1940-1983) was plotted as shown in Figure A. 
By assuming no correlation from month to month in the precipitation 
data, one can apply Figure A as outlined in Table A. In Table A, 
the above indexing, assumptions, and data apply precipitation data 
available through December 31 to estimate water year 1984 to be about a 
10 percent water year. Table 3 gives the best estimate of the 1984 
lake level high for this event frequency to be 4208.4. The table can 
be easily updated and the results applied as the months go by. 
If one were able to make quantitative estimates of the effects of 
external happenings on precipitation, those estimates could be incor-
porated into Table A. However, that was not done here. 
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Figure A. Probability distribution for 9-month precipitation (October-June) at 
Salt Lake Airport. 
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Table A. Approximate method for monthly updating of lake level estimates. 
Month 
October 
November 
December 
January 
February 
March 
April 
May 
June 
Sum 
Mean 
Precipi-
tation 
1.33 
1.27 
1.36 
1.32 
1.23 
1.81 
2.08 
1.59 
1.06 
13 .05 
1983-84 
Precipi-
tation 
1.62 
2.23 
4.37 
0.50 
0.95 
1983:-:-84 
Departure 
+0.29 
+0.96 
+3.01 
-0.82 
-0.28 
Cumulative 
Departure 
+0.29 
+1.25 
+4.26 
+3.44 
+3.16 
Estimated 
Probabilitya 
for year 
45% 
33% 
10% 
15% 
18% 
aprobability read from Figure 1 at point determined by adding cumula-
tive departure through the indicated month to the sum of 13.05. 
Data based on Salt Lake Airport precipitation records (1940-83) and the 
assumption of no serial correlation in monthly precipitation totals. 
Forest 
Lake 
Level 
4206.9 
4207.1 
4207.5 
4208.4 
4208.2 
4208.2 
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